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f  AIMS  (Prod) 

f  nh  an  ceil  (  obra  Armament  System  (I*  CAS) 

Ins! rumen!  I  light  Conditions 

Instrument  Meteorological  Conditions  (1MO 

Tube  I  aunched,  Optically  Tracked,  Wircguidcd  (TOW) 

ABSTRACT  rCoiitfoum  an  rarer—  afdba  It  rrite+oery  md  Identity  by  biorA  number) 

The  United  States  Army  Aviation  Engineering  Flight  Activity  conducted  an  Airworthiness  and 
Instrument  Night  (Characteristics  evaluation  of  a  Production  All- IS  (Prod)  to  determine  potential  tm 
the  All-1  S  with  Fnhanced  Cobra  Armament  System  (I  ('AS)  to  meet  instrument  meteorological 
conditions  qualification  criteria.  The  test  aircraft  was  configured  with  two  lube  launched,  opticallv 
tracked,  wireguided  (TOW)  missile  launchers  on  each  outboard  wing  stores  station  and  a  7- tube 
lightweight  launcher  on  each  inboard  wing  stores  station.  The  lest  consisted  of  lb..*  flight  hours 
which  were  down  during  12  test  (lights  Four  deficiencies  and  seven  shortcomings  associated  u?th 
flying  the  AIMS  in  instrument  flight  conditions,  were  identified.  The  deficiencies  identified  were 
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|  location  of  radio  control  panels.  Five  specification  noncompliances  were  noted.  The  AH- IS  (Frod*  is 
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i  will  also  not  be  suitable. 


nir  rl 
r  t  i v:. 


By—  . 
J5ir?tr 

/.*.  r  ■.  i . 


Diit  Cr-’*1 


INC  I.ASS1HI  1) 


SECURITY  (  L.  ASSl  r  K  A  OF  T  MIS  F  Aiif  nOTion  /  »«r  /  *  ff.rn.d 


DRDAV-D 


DEPARTMENT  OF  THE  ARMY 

HQ,  US  ARMY  AVIATION  RESEARCH  aNO  DEVELOPMENT  COMMAND 
4300  COODFELLOW  BOIJLI  <0,  ST.  LOUIS,  MO  63120 


SUBJECT:  Directorate  for  Development  and  Qualification  Position  on  the 

Final  Report  of  USAAEFA  Project  No.  79-08,  AH-1S  (PROD)  Airworthiness 
and  Flight  Characteristics  for  Instrument  Flight 


SEE  DISTRIBUTION 


1.  The  purpose  of  this  letter  is  to  establish  the  Directorate  for  Development 
and  Qualification  position  on  the  subject  report.  The  Airworthiness  and  Flight 
Characteristics  (A&FC)  test  was  conducted  to  evaluate  the  instrument  flight 
characteristics  of  the  AH-1S  series  helicopters  and  determine  airworthiness 
qualifications  under  instrument  meteorological  conditions  (IMC) .  The  original 
IMC  restrictions  had  been  determined  based  on  testing  of  the  AH-1G.  Several 
significant  changes  had  been  made  to  the  AH-1S  which  prompted  a  new  IMC 
evaluation.  These  changes  included  an  increased  gross  weight,  SCAS  gain 
changes  and  airspeed  system  relocations.  Based  on  the  subject  report  test 
results  the  AH-1S  cannot  be  qualified  for  flight  under  IMC  due  to  the  significant 
deficiencies  identified. 

2.  This  Directorate  agrees  with  the  report  findings  and  conclusions.  The 
lollowing  comments  are  made  relative  to  the  findings  and  conclusions  and  are 
directed  to  the  report  paragraph  as  indicated. 

a.  Paragraph  42a.  The  poor  cycle  control  mechanical  system  characteristics 
(longitudinal  and  lateral)  significantly  degraded  the  AH-1S  IMC  flight 
characteristics  and  resulted  in  an  unacceptable  pilot  workload  as  well  as 
adversely  impacting  the  pilot’s  capability  of  precise  aircraft  control.  Major 
poor  system  characteristics  included  excessive  breakout  plus  friction  forces, 
unbalanced  control  position  gradients  and  excessively  wide  trim  control  dis¬ 
placement  bands. 

b.  Paragraph  42b.  The  large  airspeed  position  errors  exhibited  during 
power  changes  significantly  degraded  the  pilot’s  ability  to  maintain  desired 
airspeeds  and  rates  of  climb/descent  within  reasonable  limits  under  simulated 
IMC  conditions. 

c.  Paragraph  42c.  The  easily  excited  lateral  gust  response  resulted  in 
large  roll  attitude  changes  of  up  to  10  degrees  with  no  tendency  for  the  air¬ 
craft  to  return  to  the  trim  roll  attitude.  This  resulted  in  considerable 
pilot  concentration  to  correct  at  the  degradation  of  other  cockpit  requirements 
such  as  navigation,  tuning  radios  and  maneuvering  during  approach. 


ORDAV-D 

SUBJECT :  Directorate  for  Development  and  Qualification  Position  on  the 

Final  Report  of  USAAEFA  Project  No,  79-08,  AH-1S  (PROD)  Airworthiness 
and  Flight  Characteristics  for  Instrument  Flight 

d.  Paragraph  42d.  The  vertigo-inducing  location  of  the  UHF,  VOR,  ADF  and 

transponder  control  heads  added  significantly  to  the  pilot  workload  under  IKC. 
This  deficiency  is  adversely  impacted  by  the  deficiencies  discussed  in  para¬ 
graphs  2a,  2b,  and  2c  above.  \ 

e.  Paragraphs  43a  through  43g.  The  shortcomings  discussed  in  these  para¬ 
graphs  compounded  the  difficulty  of  conducting  IMC  flight  on  the  AH-1S.  When 
considered  in  conjunction  with  the  deficiencies  addressed  in  paragraphs  2a 
through  2d  above  they  resulted  in  significantly  degraded  flying  qualities  under 
IMC  flight. 

f.  Paragraphs  44a  through  44e.  The  non-compliance  to  relative  paragraphs 
of  MIL-H-850iA  or  deviations  contained  in  the  AH-1S  Detail  Spec  if ieat ion  are 
significant  factors  in  the  unacceptable  IMC  flight  qualities  of  the  AH-1S . 

3.  Correction  of  the  deficiencies  specified  in  the  subject  report  are  required 
for  airwort hiness  qualification  of  the  AH-1S  for  flight  under  IMC.  Such 
qualification  is  feasible  with  PIP  action  as  stated  below. 

a.  Cyclic  control  mechanical  system  characteristics*  Short  tent  solutions 
would  require  a  modified  rigging  procedure  to  minimize  control  function.  Long 
term  solution  would  consist  of  providing  pilot  adjustable  cyclic  friction, 
changed  spring  force  cartridge  and  tailoring  of  spring  centering  cartridge. 

b.  Airspeed  position  error.  An  acceptable  short  term  solution  is  not 
identified.  Long  term  solutions  would  include  possible  tie-in  to  the  air  dat.i 
s yr'  lem  or  relocation  of  pilot-static  system. 

c.  Lateral  gust  response.  An  acceptable  short  term  solution  is  not 
identified.  Long  term  solutions  would  include  tailoring  roll  and  yaw  SCAS 
axis  gains  and  lag  rate  damping  for  desirable  flying  qualities. 

d .  Vertigo-inducing  locations  of  the  UHF,  VOR,  ADF  and  transponder  control 
heads.  Short  term  solution  would  be  human  factors  analysis  and  wiring  study 

to  optimize  current  installation.  Long  term  would  consist  of  human  factors 
analysis  and  radios  study  to  optimize  future  installations. 

FOR  THE  COMMANDER; 


Director  of  Development 
and  Qualification 
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INTRODUCTION 


BACKGROUND 

1.  The  AH-IS  series  helicopter  has  not  been  qualified  lor  instrument  Right 
because  of  inadequate  backup  electrical  power  ami  marginal  handling  qualities 
I  he  installation  of  a  Mfkilovnlt  Ampeie  tKVA)  alternator  ami  a  1 1 .wish >i mei 
u\  tiller  to  the  electrical  system  ol  the  All- IS  with  the  I  nhaneed  <  ohm  \rniament 
System  (MAS)  provides  adequate  backup  rlciliical  power.  \:i  Instrument 
Meteorological  (  ondilions  ( IM(  )  evaluation  was  pieviousK  conducted  on  an  \ll  H. 
(Rei  f,  App  A).  Additional  flight  testing  was  requited  on  an  All  !.S  to  cv.ihi  it-  Me 
changes  m  INK  handling  qualities  caused  by  the  increased  moss  weight  Miaiigc  m 
armament  configuration,  and  the  installation  ol  a  11a!  plate  \  anopv  .  as  ^ ompao  d  in 
an  AII-IG.  The  United  States  Army  Aviation  Engineering  I  light  Ado  it \ 
(USAAEFA)  was  directed  by  the  United  States  Army  Aviation  Research  a  mi 
Development  Command  (AVRADCOM)  to  conduct  an  airworthiness  ana  fiis'hi 
characteristics  (A&F(  )  test  of  the  AH-IS  (Prod)  for  IM(  flight  tRel  \  App  A* 
Previous  test  ol  the  AIMS  (M  AS)  (Ref  3,  App  A)  indicated  the  Mahilux  ana. 
control  characteristics  ol  the  AIMS  (M  AS)  and  AIMS  (Ptod)  are  essenliailx. 
unchanged. 


TEST  OBJECTIVES 

!  i>e  lest  objective4,  were  a  To  quantitatively  evaluate  the  mstiument  lliehl 
characteristics  of  the  AIMS  (Prod)  helicopter  against  the  requirements  o| 
section  Vn  of  military  specification  Mil  H-S50I  A  (Ret  4.  App  A),  ami  theivK 
infer  potential  for  the  A  H  I  S  ( M  AS)  to  meet  INK  qualification  i Mena. 

Iv  lo  qualitatively  evaluate  the  AH-IS  luqiiimmi  flight  chai .k  a t  I n .  - 
during  simulated  IMC  lliglil. 


1)1  S<  KIN  ION 

'  I  lie  production  AIMS  is  a  tandem  seat,  iwo-pknc  helicoptei  with  a  two  Madcii 
mam  rotor  and  a  two-bladed  Model  tractor  tad  rotor.  The  helicopter  is  flowered 
t".  a  I  ycoming  I  53-1  "*03  lurboshaft  engine  thermodx  namically  rated  at  IhOOshati 
.u.rsepowei  tSMIM  at  sea-level,  standard-day  conditions  delated  by  mam  liansmission 
limitations  to  1 JMO  SHP  tor  30  minutes  and  I  I  M  SUP  for  continuous  operation 
Distinctive  teatures  ot  the  helicopter  include  the  n;imn\  fuselage.  stub  wings  with 
I'l.ii  stores  stations,  and  a  t!at-p(ate  canopy  A  m-ue  compleU  description  ot  the 
Ml  IS  is  presented  m  the  operator's  manual  (Re!  s  \ppAt  ami  Appendix  H 

4  1  In*  test  aiicralt  AIMS  (Prod)  I  SA  Serial  NmnU-r  o  .‘2s  \>  was  vonfigurcd 

with  the  K  74  ■  main  rotor  blades,  two  Mb*  mhc-lauiK  hed  nplic.ilK  tracked 
wirv-euided  (  !()\V)  missile  launchers  on  each  outboard  store  station  and  an  M.'nl 
Mu  he  lightweight  launcher  (l  AVI  )  on  each  ot  the  two  inboard  store  stations  as 
diown  in  Photo  A  One  flight  was  performed  with  loin  lleillnv  missiles  installed  on 
eai  h  ot  the  outboard  stop*  stations,  and  I  VV  I  removed 


I  I  SJ  S(  OIT. 

Ibis  AAtM  evaluation  was  conducted  at  !  dwards  Air  I  one  Hr  «  .m  ;< u •  • 
fmm  .?  Muv  I 'WO  through  X  August  NtfO  t  welve  lest  flights  were  vw  .  foi.ij 


of  16.3  flight  hours.  Flight  restrictions  contained  in  the  operator's  manual  (Kef  5. 
App  A)  and  the  airworthiness  release  (Ref  6)  were  observed.  Flight  test  condition' 
are  summarized  in  Table  1. 


TEST  METHODOLOGY 

6.  Testing  was  conducted  in  two  phases.  The  purpose  of  the  first  phase  was  to 
quantitatively  evaluate  the  handling  qualities  charactensitcs  using  standard  test 
techniques  and  data  reduction  procedures  described  in  Reference  7,  Appendix  A 
The  purpose  of  the  second  phase  was  to  qualitatively  evaluate  the  handling  qualities 
characteristics  while  performing  simulated  IMC  flight  tasks.  Performance  standards 
associated  with  successful  performance  of  the  task  are  those  contained  in  Aircrew 
Training  Manual  (Ref  8,  App  A).  During  all  testing,  data  were  recorded  on  magnetic 
tape  with  pilot  comments  hand  recorded  as  they  were  made.  The  data  parameters 
are  presented  in  Appendix  C.  For  the  phase  two  test,  all  special  test  instrumentation 
and  displays  were  removed  from  the  pilot’s  station,  and  the  cockpit  was  configured 
in  accordance  with  the  operator's  manual.  A  Handling  Qualities  Rating  Scale 
(HQRS)  (App  D)  was  used  to  augment  pilot  comments  relative  to  handling  qualities 
and  instrument  flight  task. 


1  able  I  test  (  uiutiimio 


1  I  i'sIn  v.p!kIuv  tea  in  ;he  K-IOU  and  "-tube  I  VS|  mounte -»«.n  win#'  cnnfiguMthm  m i.t  i 
i  I  S  )<J5  in  I'rnler  ot  gravitv  using  a  main  rotor  speeil  •»!  'T4  K1*M 
•Stability  anil  control  augmentation  system  iS(  .A  Si  Oil 

1  Rntot  statu  .  tiviiraiilu  and  electrical  power  provided  l’v  gro.iml  *urpoit  equipment 
4S(  ASMS 


RESULTS  AND  DISCUSSION 


(,IN[R\I 

A  quantitative  anil  qualitative  evaluation  of  instrument  llighl  chaucieusim  •  •  I 

I  lie  A 1 1- 1  S  ( Prod )  helicop  ter  was  conducted  tu  inlet  potential  Ini  Die  Ml  I  S  ( l  (  AS ) 
to  meet  tile  INK  qualification  criteria  established  in  Miblaiv  Npn  ih»  atiou 
Mil -II-X50I A  (Ref  4,  App  \).  I  he  AIMS  (Prod)  is  not  suitable  loi  lliglii  in 
instrument  mctcorogical  conditions,  which  inters  that  the  AM- IS  (I  (  ASi  will  jIm- 
not  be  suitable.  Pour  deficiencies  were  identified  I’nsatislactorv  cyclic  coni  mi 
system  mechanical  eharaleristics,  large  pitot-static  system  airspeed  crtois  in  *  hint 
and  descent,  easily  excited  lateral  gust  response,  and  vertigo  inducing  location  oi 
radio  control  panels  Additionally.  seven  shortcomings  were  noted  PcisMaid 
lateral-directional  oscillations,  lateral  trim  changes  with  airspeed,  weak  static 
longitudinal  stability  at  cruise  airspeed,  an  engine-torque  oscillation,  billowing  .1 
power  change,  location  of  l Environmental  Control  System  (PCS*  control  head, 
obstructed  view  of  vertical  index  reference  mark  on  pilot's  attitude  indicator  and 
the  lack  of  storage  space  for  instrument  flight  publications  arid  equipment 

HANDLING  QUALITIES 

(ieneral 

V  I  he  AH- IS  (Prod)  tested  shows  a  degradation  in  handling  qualities  1 1  * . 
previously  tested  All-Hi.  I  he  handling  qualities  classified  as  dcliiicnt  .u  1' 
cy  v  iie  control  s\ stem  inrchanical  char \u  lei isl n s  which  uu  hide  oh|c*  I n >n  if  1  1  i f- 
plus  Inc  linn  loicc.  a  cniilrnl  lone  versus  position  eradicnl  less  1 1  it  n  tlu  dm. 4' 
plus  !  i  id  ion  tone,  the  existence  of  a  him  c  nut  ml  displac  emeu  I  (»  hh(  ,»m(  f  M  ,  I 
eXiiled  kiteral  e.usl  response-  Shortcommg.s  include  the  peisistenl  lalci.il  du  .  ’ i  -> 
oscillations  and  engine-torque  oscillations  that  required  m  excess  of  do  s,  •.  on.B  m» 
the  engine  power  to  stahili/e. 

(  vein  Control  System  Cl laiacteristies 

f.  Cyclic  control  system  characteristics  were  measured  in  a  stalk  condition.  .■* 
i  escribed  in  the  lest  I eehniques  section  (d  Appendix  I).  Control  torcc  as  a  I mu  t n a 
of  control  displacement  is  presented  in  figures  I  and  d.  Appendix  I  .  and 
summarized  in  lahled.  Control  system  characteristics  in  flight  were  qualitalivciv 
evaluated  as  being  essentially  the  same  as  those  observed  under  the  statu  km 
conditions  described  above. 

It)  Prior  to  the  test,  cyclic  friction  (not  adjustable  from  cockpit  )w  as  set  to  th, 
manufacturers  value  per  maintenance  instructions  ( Ref  App  \  I.  f  fie  longifmlm.il 
and  lateral  breakout  force  (including  friction),  control  force  versus  position  ciadu  m. 
and  limit  control  force  all  exceed  both  the  limits  specified  m  MM -I  I-K50 1  A  ami  th, 
appmved  deviations  m  the  Bell  Helicopter  Textron  detailed  speed  icat  i*  m 
No  dhO  </07  -;0KA,  5  October  I  U7U  (  Ref  !(),  App  A  ) 

II  I  Ik-  high  lougfludm.il  and  lalcjal  lueakout  lones.  the  loiihol  lour  posiimn 
eiadionf  ami  fhc  large  trim  ronfrol  displacement  band  all  lomhme  |«i  pu**  lude  the 
smooth  i  vein,  control  movements  necessary  lor  precise  aircraft  altitude  mniml 
r«‘i imretl  in  INK  The  hmgaUulmal  and  lateral  breakout  tone  (including  hulioni 
are  ol>|ectnmal  and  require  I  he  pilot  to  operate  across  an  N-pmind  lomut  mlin.il  and 

pound  lateral  lorce  ddlerential  loi  any  modulated  lontrol  diqdaeeuunt.  -ikh  ,r 


correcting  a  gust  upset  Ibis  is  fatiguing  and  wlmu  coupled  with  » « > n 1 1 ■  * ’  lutes*  atsu* 
position  gradient  {2  5  pounds  per  inch)  that  is  jess  than  the  breakout  plus  Inction 
force,  the  result  is  a  control  displacement  that  more  nearly  resembles  a  step  or  spike 
input  with  frequent  overshoot.  The  step  or  spike  input  occurs  because  the  arm 
muscle  does  not  readily  accommodate  the  force  discontinuity  The  problem  exists  in 
both  lateral  and  longitudinal  axis  and  is  further  amplified  by  the  frequency  and 
severity  of  any  gust  upset.  The  existence  of  a  trim  control  displacement  hand, 
of  1.5  inches  longitudinally  and  1.2  inches  laterally,  eliminates  the  force  cue  which 
would  normally  assist  in  returning  the  cyclic  stick  to  the  trim  condition  once  it  had 
been  displaced.  The  effect  of  these  unsatisfactory  characteristics  on  the  pilot's 
ability  to  control  the  aircraft  is  discussed  more  fully  in  paragraphs  24  through  40. 
file  poor  cyclic  control  system  mechanical  characteristics  are  a  doln aen  :\  for  INK 
opei  ition 

Control  Posi tions  in  Tri n nned  Forward  Flight 

1  2.  Control  positions  were  determined  in  trimmed  level,  climbing  descending, 
and  autorot. itionai  flight  with  the  aircraft  stabilized  at  a rf  sideslip  loi  the 
conditions  listed  in  fable  1.  using  the  technique  daubed  in  Aprn  mb\  !).  lest 
results  are  presenteu  *n  I  igure  4  t/Vpp  I  ). 

id  longitudinal  control  position  variations  wre  essentially  linear  e.  it!  airspeed 
and  displayed  increasing  forward  control  with  increasing  airspeed  I  aU  ral  -  onlrol 
position  at  the  condition  tested  shows  significant  trim  change  with  airspeed  except 
for  descending  flight,  these  trim  changes  were  particularly  botl»er-ome  in  level  and 
climbing  flight  due  to  the  non-linearity.  A  lateral  control  trim  Ji.tnge  cd'p.~  inch 
occurred  in  level  lughl  between  80  KCAS  and  120  Kt’AS,  wink  longitudinally  that 
airspeed  chance  required  1.1  inches  ot  longitudinal  control  travel.  I  he  nef  result  is 
an  uncomfortable  ictt  forward  movement  of  the  cyclic  q  a  42  angle  to  the 
longitudinal  axis  ot  the  aircraft.  The  lateral  trim  changes  with  pow<»  .  ni  airspeed 
are  a  shortcoming 

|4.  A  persistent  engine  torque  oscillation  was  ixcited  ctuh  turn  engine  pov  vi  was 
changed,  f  igure  A  shows  torque  oscillations  occurmg  at  approximately  tb.ree  cycles 
per  second.  This  persistent  engine  torque  oscillation  is  m  indication  ot  engine 
airtrame  incompatibilitv  which  may  contribute  to  the  excitation  of  the  lateral* 
directional  oscillation  discussed  in  paraguph  24  I  he  x  ugine  airframe  ncompati* 
bihfy.  as  evidenced  K  the  persistent  engine  torque  oscillation,  is  ..  shortcoming. 

Static  Ja i nguud 1 1 ml  Stab i 1|A 

15.  !he  static  longitudinal  stability  diaractenstu  .  were  evaluated  ai  tin-  conditions 
specified  in  i  able  1  with  the  aircraft  stabilized  at  zero  >kkshp.  using  the  technique 
described  in  Appendix  1).  lest  results  are  presented  in  f  igures  4  .md  Appendix  1 

lb.  I  he  static  longitudinal  stability,  as  indicated  by  the  variation  ot  longitudinal 
control  position  with  airspeed  was  stable  at  all  tinu  air-peeds  and  conditions  tested 
except  in  level  flight  at  airspeeds  greater  than  I  2s  he  AS  At  speeds  gie.mu  tluii  P.e 
trim  airspeed  tiie  gradient  was  nearly  neutral.  This  weak  static  lonmtudind  stability, 
while  meeting  the  minimum  requirements  of  Ml!  MH50IA.  appeared  ueu:ral  m 
tlii'li t  and  when  coupled  with  the  unsatisfactory  cyclic  control  system  c’mkh  u  lotus 
lequiied  considerable  pi lot  compensation  ( It < d K S  ^  >  to  maintain  \  trim  cruise 
airspeed.  1  he  weak  static  longitudinal  stability  at  cruise  airspeed  A  a  den ‘coining 
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Static  Lateral-Directional  Stability 


17.  The  static  lateral-directional  stability  characteristics  were  evaluated  at  the 
conditions  specified  in  Table  1  using  the  techniques  described  in  Appendix  l).  Test 
results  are  presented  in  Figures  6  and  7 ,  Appendix  I*. 

18.  Static  directional  stability  was  positive  (increasing  left  directional  control 
position  with  increasing  right  sideslip)  throughout  the  sideslip  envelope  for  all  trim 
airspeeds  and  was  satisfactory.  Dihedral  effect  was  also  positive  (increasing  right 
lateral  cyclic  control  position  with  increasing  right  sideslip)  throughout  the  sideslip 
envelope  for  all  trim  airspeeds  and  is  satisfactory.  The  side-force  characteristics  are 
essentially  the  same  as  previously  reported  (Refs  3  and  II,  App  A).  The  static 
lateral-directional  characteristics  are  satisfactory. 

Dynamic  Stability 

M.  Longitudinal  and  lateral-directional  dynamic  stability  characteristics  were 
evaluated  at  the  conditions  listed  in  Table  1.  A  description  of  each  test  technique  is 
given  in  Appendix  I).  Selected  time  histories  are  presented  in  Figures  8  through  12, 
Appendix  1 

10.  The  longitudinal  short-term  gust  response  was  essentially  deadbeat  for  all  SC 'AS 
ON  tests.  SCAS  OFF,  the  longitudinal  pulse  input  excited  the  lateral-directional 
mode,  and  made  the  short-term  response  difficult  to  evaluate.  The  longitudinal 
short-term  gust  response,  SCAS  ON.  met  the  requirements  of  Mil -11-8501  A  and  is 
satisfactory  for  I  MO  flight. 

21.  A  lateral-directional  oscillation  (Dutch  roll)  was  the  principle  aircraft  response 
to  an  external  gust  upset.  Representative  SC  AS  ON  lateral-directional  short-term 
gust  response  is  shown  in  Figures1)  through  1 1,  Appendix  I  The  aircraft  exhibited 
positive  but  light  damping  in  both  roil  am)  yaw.  There  was  no  tendency  for  the 
aircraft  to  return  to  steady,  level  flight  once  the  roll  and  yaw  rates  subsided.  This 
same  characteristic  was  observed  during  the  qualitative  evaluation  in  gusty  air.  Roll 
altitude  excursions  of  up  to  10  degrees  in  the  IMC  environment  were  observed 
which  are  sufficient  to  interrupt  the  pilot’s  normal  instrument  cross  check  sequence, 
and  resulted  in  the  pilot  concentrating  on  returning  the  aircraft  to  level  flight.  Since 
the  aircraft  is  easily  upset  in  roll,  the  requirement  to  concentrate  on  roll  attitude 
control  impacts  on  the  pilot’s  ability  to  perform  other  flight  tasks  such  as  tuning 
radios,  navigating,  and  maneuvering  the  aircraft  during  the  approach  phase  of  the 
flight.  Tlie  lateral  gust  response  of  the  AIMS  (Prod)  is  a  deficiency  for  INK 
operation. 

22.  I  he  coupled  lateral-directional  oscillations  with  SC  AS  ON  tend  to  persist 
following  a  gust  upset.  This  characteristic  was  bothersome  in  the  simulated  IMC 
environment  and  precluded  precise  control  ol  heading  and  roll  attitude.  1  his 
characteristic  is  most  bothersome  while  maneuvering  the  aircraft  in  holding  patterns, 
tracking  from  navigation  aids  to  the  airfield,  and  when  complying  with  ground 
controlled  approach  (OCA)  instructions.  The  existence  of  persistent 
lateral-directional  oscillation  fails  to  meet  the  requirements  of  paragraph  3  h.  1.2  of 
Mil -11-8501  A.  The  persistent  lateral-directional  oscillation  characteristic  is  a 
shortcoming. 

23.  Spiral  stability  characteristics  were  evaluated  SCAS  ON  and  were  lound  to  be 
mildly  divergent.  Figure  12,  Appendix  I  ,  is  typical  of  t he  SCAS  ON  evaluation  and 


shows  j  1 0  degree  divergence  at  the  etui  o!  JJsv.ornls.  I  hr  S(  AS  t *1  i  au.ti 
excitation  resulted  in  oscillatory  roll  divergence  I  he  SC 'AS  Ol  !  spnai  stahdiis 
characteristics  were  difficult  to  evaluate  due  U  excitation  »«!  the  siioit  term 
lateral directional  oscillation  The  SC’AS  ON  spiral  stability  char;*:  lensftcs  a? 
satisfactory 

QUALITATIVE  ASSESSMENT 

GeneraL 

J4.  Simulated  IM(  maneuvers  were  e\afuated  from  the  pilot  s  position  wdb  side 
i. ii rains  installed.  All  external  visual  icterence  was  eliminated .  howewi  the  intams 
weie  light  enouiih  to  furnish  full  daylight  lighting  «  <l  the  •  oekpit  I  he  IVU 
simulation  was  separated  into  three  distinct  eatcgoiies:  hirst,  an  e\ 'duaium  <>:  basic 
air  maneuvers  and  individual  IMC  tasks  second,  NAYAIH  approaches;  ami  third, 
a  representative  U  K  flight.  The  performance  standards  used  were  those  normally 
associated  with  an  annual  instrument  eheekride  (+100  feet  altitude.  «  i»*  kinds 
indicated  airspeed  IK.IAS).  and  ♦  10°  heading).  Additional!;. .  the  pd-u  s  workload 
was  •p.ialitetiv'cly  a>sesscd  throughout  ah  flights  Six  pil.  t*;  p;»;  Pcipamd  :i  ill*, 
ijualitativc  evaluation.  Based  on  the  inability  to  meet  performance  standards  and 
excessively  high  pdot  work  fra  h  lire  AH- IS  tProd)  is  c<  nxid.ved  urM'iiahJe  pm  1  vk 
flight 

Bask*  Instrument  Meteorological  Conditions  (IMC  »  I  asks 

25.  I.aeh  ifidf\fdt/a/  task  wax  evaluated  with  the  pilot’s  tufa*  jfjenmm  Jrv  m-d  v> 
aircratt  control  for  the  purpose  of  achieving  the  desired  performance  stun. laid  ’v' 
distractors.  sucli  as  na\igation  radio  tuning  or  communication  with  controllers,  weie 
performed.  All  tasks  were  performed  in  both  suiooih  nr  and  n.  hghi  tiulmfeiue 
with  aircraft  at  mid  eg  and  maximum  gross  weight  at  lalcoil 

Straight  and  Level  Plight: 

JO.  The  first  task  was  to  perform  straight  ami  level  Ihghi  j  L.  aircraft  gust 
response  was  primarily  »»»  loll  with  some  minor  accompanying  yaw  I  lie  mil  altitude 
changed  as  much  as  ten  degrees  from  the  trim  condition  and  comdantly  injum.l 
lateral  cyclic  mpu*s  to  regain  a  wings-level  attitude.  Ihe  cvciiv  inputs  were  small, 
P'VACwr.  they  were  within  the  trim  control  friction  Iv.mi.  and  a  piecise  return  cl  the 
cvetic  to  flic  onemal  !r»m  .  omhtion  was  not  now  Me  !Vn  the  im.*k  tue-ikont  plus 
tnction  forces  require  !  to  displace  the  cyclic  and  He  comparative',  !■  -w  hew 
gradient,  later  *1  contiM  inputs  resulted  in  overshooting  tie*  desired  n-nti  •!  pusitnui 
Straight  and  level  flight  uuild  i»o  performed  within  the  dcMrcu  pMormume 
standard,  but  rc<pnrid  constant  attention  and  freijuent  control  input-,  to  aJue\e 
that  performance  (HORS  5).  riiroughout  the  straight  and  level  evaluation, 
continuous  later.d-duectional  oscillations  were  noted  i  paragraph  .V' J  liiese  were 
sufficient  to  cue  the  pilot  to  '-uke  control  input''  which  added  to  the  duadv  lueli 
workload 

Standard  Rale  I  cm*!  1  urns- 

I  urns  were  mad-,  loth  ft  l  uni  ’  u’h  t  at  ,fn  .md  I  1  •  >  K  I  \  s  |  u  d  •,  i  .  >  !  ,. .ik 
angf"  lor  a  standard  rate  turn  was  JO  degjei  s  In  each  .  ase  gust  disiu* ban.  ni  t  !•* 
(.untiol  of  the  bank  ancle  extremely  difficult  with  bank  ancle  fie. i»», mile  xaivine 


I 
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from  1  5  to  30  decrees.  The  undesirable  mechanical  charcOcristks  <  paingraph  II) 
contributed  to  the  difficulty  of  perform. ng  the  standard  rate  turns  i  he  established 
standard  was  achievable:  however,  there  was  a  hiizh  pilot  workoad  associated  with 
the  task  (HORSb)  and  variations  of  80  feet  on  assigned  altitude  were  frequent.  I  he 
desired  rollout  heading  could  be  acquired  within  10  degrees  (IKJKS  M. 

Constant  Heading  Climbs  and  Descents: 

28.  (  limits  and  descents  were  initiated  Irom  trimmed  level  tlight  conditions  at 

lK)  and  I  10  KIAS.  The  desired  vertical  speed  was  500  feet  per  minute  When  power 
was  added,  the  airspeed  immediately  showed  an  increase  on  the  pilot  s  indicator.  I  * 1 
correct  tlie  apparent  airspeed  variation,  aft  cyclic  was  applied.  The  pitch  attitude 
also  indicated  a  slight  nose  up  change  and  the  rate  of  climb  went  rapidly  through  the 
500  feet  per  minute  condition  and  reached  approximately  I  200  feet  per  minute. 
The  power  was  then  reduced  in  an  effort  to  establish  the  desired  rate  of  climb  On 
reduction  of  power,  the  reverse  affect  was  noted  in  that  indicated  airspeed 
immediately  decreased  indicating  a  requirement  for  forwaid  cyclic  and  with  the  new 
power  setting  produced  a  climb  rate  well  below  the  target  500  feet  pci  minute. 
These  factors  were  also  evident  when  a  level  oil  it  a  predetermined  altitude  was 
performed  It  was  not  possible  to  consistently  level  oil  within  100  tec!  ot  the 
desirn1  altitude,  and  errors  as  much  as  200  feet  were  experienced  In  a  500-loot 
change  in  altitude,  it  was  not  possible  to  achieve  a  stahili/eu  500  feet  per  minute 
late  of  climb  and  continue  t o  meet  performance  standards  (HORS  7).  figure  13. 
Appendix  I  ,  is  a  tunc  history  comparison  between  ship's  and  boom  anspeed  system, 
flic  pilot  held  the  ship  indicated  airspeed  constant  while  adding  power.  The  boom 
stein  slowed  1 2  knots  while  the  indicated  airspeed  remained  essentially 
unchanged  Hie  large  airspeed  position  error  due  to  the  influence  of  power  on  the 
pitot  static  system  is  a  deficiency  for  IMC  flieht. 

2T  There  was  an  additional  factor  which  contributed  to  the  difficulties  associated 
with  sL.bili/mg  the  aircraft  in  a  steady  climb.  The  cyclic  trim  control  positions  have 
substantial  lateral  changes  with  airspeed  and  power  These  lateral  cyclic  require¬ 
ments  occur  with  a  control  system  that  has  undesirably  high  breakout  plus  friction 
lorces.  The  result  was  that  lateral  cyclic  position  was  constantly  changing  through¬ 
out  the  maneuver  due  to  airspeed  and  power  variations.  This  increased  the  pilot 
workload  and  was  part  ot  the  reason  satislaetory  performance  could  not  he 
achieved.  I  arge  lateral  trim  changes  with  power  and  airspeed  are  a  shortcoming 
previously  discussed  ( paragraph  13). 

(  limbing  and  Descending  Standard  Rate  Turns 

30.  (  limbing  and  descending  turns  were  initiated  from  trimmed  level  flight  at 
00  KIAS.  The  difficulties  identified  in  previous  maneuvers  were  also  evident  here. 

I  he  lateral  gust  response  of  the  aircraft  made  bank  angle  control  a  voiisiani 
problem.  The  bank  angle  could  not  be  controlled  within  10  degrees  The  saint- 
pitot-static  problems  discussed  above  existed  and.  when  combined  with  altitude 
control,  made  basic  aircraft  control  extremely  difficult  and  required  the  pilot's 
maximum  attention  (  HORS  8). 

31.  Hie  attitude  indicator  is  recessed  in  the  instrument  panel  m  front  oj  the 
pilot.  There  are  reference  marks  at  0  (vertical  point).  10.  20,  30.  and  4^  degree  bank 
positions.  The  vertical  reference  is  an  inverted  triangle  easily  distinguished  Irom  the 
other  reference  marks  which  are  merely  short  reference  lines  of  uniform  thickness  A 


I  II!  pilot  lov  s  the  disluu  M\e  triangular  iderdd'icali'  a  !  M  •  '  .*t tu  ;tl  le leonur  Uu*.  d 
the  ohst i ik  t ion  (»t‘  the  hioad  poitum  '»}  the  Uianide  >..u:w»i  o\  1 1 . i  \oh\! 
instfinu-ni  ii>  t's  .  v  1  he  loss  ol  ‘Jus  reti  lenei  in  l in ns  slows  i ,i.-  pilot's  *  r i>-,  Peek 
i  »;'!*.  k  ’ir.M't-.l  „  ill  •  1 1 :  i  x  r  In  i.ndr  •  r«  *  v«ir-  j!  » h-rent  ■■  I  *  ,  ■ 

U'tK'i!  ct  t?.-  v»t;.ai  r*'  ■  *  '  !  e .hr  i‘Mulr  rdi-al  -r  iw  1 1 o 

Hlstt  i: ;  nen  t  <  1st'  is  *  .lio,  u  rn* 

Holding 

'd  \  boldine  p-iMem  v. preplanned  prior  ?o  llig*  I  \  ;...i  I  at  i  \  <  d*  M.iiion 
r.  is  eirribfied  and  a  tr  udjop  t‘Ulr\  into a  standard  h  .  :n  k..-  —  .*!*•-  j.-.j  I  ‘a 

m  >R  was  pretuned  and  the  pilots  entire  attmteT.  was  » i  v  ■  <  ■  I  d  !•»  maud  mune  .1 
‘V.'i!!  pat tciv  Ih.i.  were  tour  completed  holding  .  m  u;p  perioiu rd  dumr  ■  hich 
ocpuent  \ .iri.itions  o|  an  to  •  >*■)  tort  altitude  ‘  1  * 1  r  ■  h.  10.  amom  end 
*  10  demvrs  heading  vveie  iiirinl.  11k*  p'lo,  K-voled  hr  ,  m*  rl-  u  >M  t 
id'.ow  that  result  ilit.iRSn}  1 1»* *  was  not  aide  t<  *ot ddish  wn.  1  ;  ■  ,d 

idju^l  lor  a  i p  1  •.*  minute  mNmd  hr 


N  \  V  \|J|  A4  |)/o;k hr 

^  0?s  \pp*«  ■  d 

'  *  \  > *1;  ,  ie te  k  M p  ij'i'i  '.id,  ;v  1  {01 ».  ied  !  *  < e h a-. i;  *  * ..  «■.  1 1  •  1  ;  ’  "  ,n . 

1  pj  *  eduu  Pun.  and  desvcrl  p*  :  niur.ion  decent  .  It  :  .  1  'V  \.  ii 
'■iii1,  oiai  help  •:  .<1  t.  u  :  to  •  s  pievioud\  •  j  1  ins.-  p-'o-’  1  • 1  t  ■  .■;•;»  ti.e 

i 1  i  I'i'mi  were  ‘.'dr  *  rf  /J.i  .  ;P  ,  n  .  ‘  ;  d'  %;nr 

idoied'ire  tum  and  ais<  alt*.  -  passing  the  station  n:  linn  r,*pi«><;  t,  I  la-^  a.h.r*  .ri\ 
mpak  ted  on  i!*a*  ah.hlv  to  estahhsh  the  le  atel  1  Pr  •  »  v  »ii  :  d  ,vrrr  also 
senniisK  dist raetmi.  wh.-v  j  ovvei  v\av  added  a  k\k  uta’  d. a-  :  !  1.  I  d  r  wr; 

ulditioa  resulted  Mi  ..n  app.iieMl  n.ere.tsv  1:.  arovd  o'.-  , .  v  *  1.  •  n  f\ 

t'.e  p.t  >  1  \  hiLii  pilot  u.nkh'.id  <»>ndilini)  at  !i  r  poa,t  ■  d  .,•?  .  ,  l.  .Id 
disir;u?  the  pilot  t:o:n  his  ptitna.s  task  o I  tr^nsitioei;*;’  ;  f*  .  u.  .  o  .0,1  nKid 
•  1  laaintainme.  the  an\  oitl  at  MI)A  until  missvd  appn.a  h  w,;.'.  ret,. no  1  !  h  des;re»l 
perlormaiuv  wa^  huwd .  how .  v.m\  th.e  pil<*‘  workload  iv  .  •  -r  : . ■  *  »  *  :  ;  s  -pud'le 
HORN”! 

Nr*»*:rid  V  OMtont.  d  vpjro^rti 

'  1  \  sUiVeiil.ii"  ■  .«|  j  !«■..«  • .  w  as  perl  on  Med  ns}  nr  \n  i  •-  •  1;  :  :  ■ .  a  ...  hit  irs  .  .  ■  i 

■  ”re-.  isii.Mi  ajpnu.  h  w  >s  Mi-uhae  i  1  v  th.  I’urn.  u  l.r-e  •  u  ■  .  *h .*  d”p»- 

lulu  1 an.  1 1  'on  *  o  1  h,  j  il*  a  In  doth  I  ases.  sat  isl'ji  t-.»i  >  pm  !  1  •  o ,  ,ai  .1  r  .  '.hi  ,k  hie* «  .1 

howen;.  thr  pir’  rom  pn^-ieJjn  ol  po*>T  i.aa  Jiaiuv  1!  .  h.no  *  n  i,  s.  o  d  v”.ot 

oponse.  pilot  sfalt  i  ri'Tv  and  jv  rsjsienl  ialei a»  ‘hr-  ..  it*  »nal  os(  ill  it  1  I'Muried 

lo  produce  a  high  p»|ot  w-  *kloaii  I  he  gvotlinl  sonli1  ■!;  -I  appro. n  h  ■  nnpausl 

1  t*u  \  1  )R  pU’.io.isK  ■{;.■  i|s-.r  !,  ledumd  (hr  prh  1  ■' >  ^  1  lira  1  f<  1  1 .  j  : :  I  ■  .ihd 

I  '■  > :  1  d  t'd  II!  ■ 1  ‘i  •  -  ‘din  :  ,,  ti  :>  \  *  >•  '  ,( !  ;  |  ||  dR  S  »'l 

J  h  !»r;d  Nppioarh 

I  h<  la-,  tn  i:  ippr  ..  ■.  ;  w  »s  ;j.  a  prMonut  d  m  j  :  .  .  *  n  1  :  . 


I 


lin*  AIMS  (Prod)  arc  such  that  the  aircraft  consistent!}  Units  oil  speed  In 
descending  turns  a  desired  hank  angle  of  20  degrees  was  attempted.  During  one 
point  in  a  descending  turn,  the  bank  angle  reached  40  degrees  helnre  it  was 
corrected  by  the  pilot.  The  roll  response  to  gusting  conditions  made  descending 
turns  extremely  difficult  and  in  combination  with  pitot-static  errors  and  poor 
mechanical  characteristics  made  satisfactory  achievement  of  the  desired  standards 
impossible.  Ihe  pilot's  total  concentration  was  devoted  to  maintaining  aircraft 
control  (HQRS  8). 


SIMULATED  IFK  FLIGH  l 

do  The  flight  was  conducted  in  simulated  !M(  conditions  and  was  controlled  l»> 
the  approach  control  facility  serving  the  area.  All  routine  communications  associated 
with  an  U  K  flight  were  performed.  The  gunner  made  some  of  the  radio  calls  and 
was  also  responsible  for  copying  clearances.  He  did  not  fly  the  aircraft  at  any  time 
during  the  INK  simulation  due  to  the  limited  navigation  and  flight  instruments  as 
well  as  the  poor  flight  control  characteristics  at  the  gunner’s  station.  All  radios  and 
navigation  equipment  were  pretuned  prior  to  takeoff.  The  general  flight  scenario  was 
radar  vectors  to  a  Vo R  ratiiak  intercept,  tracking  to  the  VOR  station,  holding,  and 
terminating  with  a  Y()R  approach. 

t"7  I’he  first  problem  encountered  was  retiming  the  l:!l!;  communications  radio. 
Ml  tuning  was  pcrloimcd  In  the  pilot  since  all  control  heads  are  located  in  the  aft 
cockpit  (  ontrol  head  location  is  show n  in  the  operator’s  manual  <  Ref  \  App  A  I  In 
mUci  !o  turn  the  I  111  radio,  the  pilot  had  to  e\c  lunge  hands  on  the  c \ elk  ami  look 
down  ami  to  Mie  nrfil  lo  see  the  frequency  numbers  With  his  ham!  on  Ihe  selei  loi . 
Ins  view  of  the  tiequcmv  vs  is  obscured  During  the  bnet  time  that  it  look  to  change 
the  hundreds  digit  of  the  /'requeue},  the  aircraft  hat!  lulled  oil  heading 
approximate!}  10  degrees  and  was  in  a  turn  Three  more  similar  occurrences  were 
experienced  before  a  new  I  I II  frequency  was  final!}  set  Once  the  Iroquenc}  was 
set,  the  pilot  made  the  communication  or  alternatively  advised  the  copilot  a  new 
frequency  was  now  tuned.  Similar  experiences  were  noted  when  \()K  frequency  am! 
transponder  code  changes  were  required.  I  he  transpondci  control  head  location  wa* 
particularly  bad  m  that  it  is  adjacent  U>  tlie  pilot's  right  lup  !  his  location  made 
reading  the  code  setting  very  difficult  am!  necessitated  head  mow  merits  wlmh 
produced  vertigo  I  he  sensation  of  vertigo  incieased  ’he  ditin  ult\  of  icturnme  the 
aircraft  to  a  level  trim  condition  alter  tuning  tin  transpondci  code  Ihe  vertigo 
imbuing  location  of  the  1111  ,  VOR,  ADI  .  and  transponder  control  heads  is 
considered  a  dcficicn  y  lor  INK  flight. 

.18  During  the  eomse  of  the  llighl  the  cockpit  tempeiatme  beeaim 
uneomlortablv  waim  Ihe  pilot  attempted  to  adjust  the  environmental  eontiol 
system  (IT’S)  totaled  on  the  right  side  panel  alt  ol  the  transponder.  Ihe  conliol 
location  is  shown  m  the  operator’s  manual  (Ref  s.  App  At.  Again  during  this 
distraction  perloimame  standards  could  not  be  met  and  the  tendency  foi  vertigo 
was  even  more  disconcerting  to  the  pilot  Actual  tempeiature  adjushnent  is  noi 
absoluteK  es’cnlial  foi  INK  operations,  hut  it  is  frequent!}  necessary  to  activate  tlu 
ram  removal  switch  which  is  located  on  the  same  control  head  producing  Ihe  same 
result  1  lie  vertigo-inducing  location  o|  the  l(S  con t red  head  and  rain  temovul 
switch  is  ,i  shortcoming  lor  INK  operations 
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M.  Basic  navigation  was  extremely  difficult  in  that  the  tuning  of  navigation  udius 
and  orienting  charts  resulted  in  the  pilot  exceeding  the  established  pertoimancc 
standards  consistently.  Very  little  assistance  was  possible  from  the  gunner  since  he 
could  not  see  what  frequencies  were  tuned  and  was  unable  to  return*  to  establish 
location  by  intersection.  Due  to  the  tandem  seating  arrangement,  lie  was  unable 
to  assist  in  setting  up  the  necessary  approach  plate  and  was  limited  to  monitoring 
pertinent  approach  information  and  advising  the  pilot  periodically  during  the 
approach.  The  AIMS  (Prod)  in  its  present  configuration  is  therefore  basically  a 
single  pilot  IMC  aircraft.  These  difficulties  were  further  complicated  by  the  lack  of 
storage  space  in  the  cockpit.  The  necessary  charts  and  approach  plates  could  not  be 
organized  effectively,  l  ack  of  storage  space  in  the  cockpit  area  is  a  shortcoming. 

40.  During  the  VOR  holding  and  VOR  approach  portion  of  the  flight,  routine 
H  R  tasks  created  a  workload  sufficient  to  cause  the  phot  to  fad  to  meet 
performance  standards  consistently,  (’hanging  the  course  setting  on  the  horizontal 
situation  indicator  (USD  and  selecting  the  desired  function  on  the  HS1  control 
panel  took  enough  time  and  caused  sufficient  distraction  that  heading  and  attitude 
changes  occurred  prior  to  reestablishing  a  cross  check  <d  Hignt  instruments  Any 
requirements  in  excess  of  basic  aircraft  control  taxed  the  pilot  be\o;nl  his 
capabilities 
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CONCLUSIONS 


GEM  RAL 

41  The  AIMS  (Prod),  and  hy  inference,  Uk*  AIMS  ll  (  AS)  arc  noi  considered 
suitable  tor  llight  in  Instrument  Meteorological  conditions 

DEFICIENCIES 

42.  The  following  deficiencies  associated  with  Hying  the  AIMS  (Prod)  m  INK  were 
identified: 

a.  I  he  poor  cyclic  control  mechanical  system  characteristics  (paragraph  1  1  ) 

I)  Large  airspeed  position  error  due  to  the  influence  of  power  on  the  pilot- 
static  system  (paragraph  2X) 

c.  I  lie  easily  excited  lateral  gust  response  (paragraph  2  I  ) 

d.  Vertigo-inducing  location  of  the  UHL.  VOR.  ADI  .  and  transponder 
control  heads  ( paragraph  47). 

SHORTCOMINGS 

44.  Ihe  following  shortcomings  associated  with  Hying  the  AIMS  (hod)  m  I  Ml 
were  identified 

a.  file  persistent  lateral-directional  oscillation  (paragraph  22) 
h.  Hie  lateral  trim  change  with  airspeed  and  power  (paragraph  14) 
c  Ihe  weak  static  longitudinal  stability  at  cruise  airspeed  (paragiaph  Do 
d  Hie  engme/airframe  incompatibility  (paragraph  14) 

e  Vertigo-inducing  location  ol  the  i  (  S  control  head  and  rain  n  nnn.il 

switch  ( paragraph  4X) 

f.  Obstruction  of  the  vertical  lelercnce  maik  on  the  attitiule  nnlnatoi 
( paragraph  4  1  ) 

g  Lack  of  storage  space  in  the  cockpit  area  (paragraph  4lM 


SPECIFICATION  COMPLIANCE 


44  Within  the  scope  of  this  test,  the  AIMS  (Prod)  helicopter  tailed  to  inert  tin 
following  requirements  of  military  specification  Mil  - 1  l-,XS()  |  A 

a.  Paragraph  4.2  o  -  longitudinal  control  lull  throw  forces  exceed  the 
<X.()  pound  limit  by  X.O  pounds  forward  ami  alt.  (  l(M)  percent )  (paragiaph  III 


b.  Paragraph  3.2.7  -  Longitudinal  control  breakout  force  < including  Inchon! 

exceeded  the  1.50  lb  maximum  by  2.5  lbs  (  l() 7  percent).  Also  laded  to  meet 

authorized  deviation  (  Ref  10,  App  A)  (paragraph  10) 

c.  Paragraph  3.3.12  -  Lateral  control  }"ull  throw  forces  exceed  ih<*  "VO  pound 
limit  by  0.0  pounds  left  and  right  (  130  percent)  (paragraph  HU 

d.  Paragraph  3  3. 1 3  -  Lateral  control  breakout  force  (including  Inchon! 

exceeded  the  1.501b  maximum  hy  1.5  lbs  (100  percent)  Also  ruled  to  meet 

authorized  deviation  (Ref  10,  App  A)  (paragraph  10) 

e.  Paragraph  3.6.1 .1  -  The  aircraft  exhibited  a  persistent  Liteml  dm  ^  t  .miai 
oscillation  (paragraph  22). 


RECOMMENDATIONS 


45.  I  lie  deficiencies  identified  in  paragraph  42  must  he  corrected  prior  ti 
operation  in  1MC . 

46.  I  he  shortcomings  identilied  in  paragraph  44  should  he  corrected  prior  h 
operation  in  IMC. 
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APPENDIX  B.  AIRCRAFT  DESCRIPTION 


(,l  SI  K  \l 

I  1  he  test  helicopter,  S\  7U-22575.  was  .1  production  All  IS  with  the  k  4 
in. mi  1 1 » 1 1 11  hi, ales  installed  Wine  stoics  conlienrahon  I  <  >  1  .ill  lesh  I  ( )\V 

laum  (mis  on  c.u  It  til  the  oulboaid  wing  sink’s  stations  and  one  lube  hrhf  w firhf 
launcher  pod  on  each  of  the  inboard  wing  stores  stations. 


MAIN  KOTOR  BLADIS 


2  I  he  k"47  main  rotor  blades  utilize  a  multicell  filament  wound  fiberglass  spat 
a  nome\  honeycomb  core  afterbody,  and  a  Kevlar  trailing  edge  spline,  all  enclosed 
In  fiberglass  skin.  At  the  inboard  end,  eheekplates  carry  loads  to  an  aluminum 
adapter  winch  is  attached  to  the  hub  with  a  pin. 

v  l  he  K  74 7  blade  airloil  shape  is  based  on  a  lamilv  o!  airloils  developed  In 
Hoeing  \  ertol  t  he  airloil  shape  varies  from  blade  Up  to  root  as  InJInws 


1  l<  (  blade  Radius  Station ) 


Airloil  Design 


I  r< >m  1 1  p  to  U.K5 
I  torn  O  Ks  to  (ltd 

1  Tom  ti.o7  to  O.JS 
I  rom  0.7s  to  0.  |  K 


K  M7  <S  thic  k  Hoeing  \  ertol  \  l<  s 
I  inear  transition  to  I  7  line  k 
Boeing  \  ertol  V  R- 
12  thic  k  Boeing  V  ertol  V  K- 
( iradual  buildup  to  7  5 
thick  h\  checkpl.ites 


l  \(,l \l  Wl>  I  R  WSMTSSION  TAIL  ROTOR  DRIV1 

;  1  lie  l'55  I  -7()>  turboshaft  engine  is  installed  in  the  AIMS  (Prod)  helicopter 

I  Ins  engine  employs  a  two-stage.  axial-flow  tree*  power  turbine,  a  separate  two-stage, 
axial  flow  turbine  dining  a  five-stage  axial  and  one-stage  centrifugal  compressor 
variable  inlet  mude  vanes  and  an  external  annular  combustor  A  4.7105  I  reduction 
eear  box  located  m  the*  an  inlet  housing  reduces  power  turbine  speed  to  a  nominal 
output  shalt  speed  ol  (*n()U  RPM  at  100  percent  V  I  he  cimme  rediu  (mu  ge.u  box 
is  limited  to  I  I  7*s  loot  pounds  tft-lht  loojiiv  lor  '0  minute  and  I  I  10  (t-lb  huqm 
lot  1  mtmuoiis  operation  A  I  ,  mterslage  lurbuu  tempeiatuie  sensoi  harms' 
measures  interstage  turbine  temperatures  and  dispia\s  this  mlonnalion  111  tin 
eoekpit  as  turbine  gas  temperature  on  the*  cockpit  instruments. 

5  I  he  mam  transmission  lias  a  1200  SUP  limit  tor  50  minutes  and  a  1154  SUP 
limit  h>r  continuous  operation  at  a  rotor  speed  ot  574  RPM  (loo  pencil!  \},  i  I  he 
aircralt  is  lurther  limited  to  XX  percent  torque  above  100  K  I  AS  I  he  tail  ioii>i  drive 
s\stem  lias  a  7(d)  SUP  transient  limit  lor  4  seconds  and  a  IK  SUP  limit  lor 
continuous  operation.  I  he  engine  used  durum  this  test  was  serial  number 

II  151 45/. 


PRINCIPAL  DIMI  NSIONS  AND  (.1  Nl  K A1  DA  I  A 


o  lire  principal  dimensions  and  general  data  u»iii  I'lmi)!'  the  Ml  JS  il'mdi 
heln  opti*rs  are  as  tollnws 


Overall  Dimension 


l  ength,  poor  turning 

53  feet 

.  1  inch 

!  Digit t,  rah  ie tor  vertical 

1 3  feet,  0  inches 

l  cneth,  rotors  removed 

44  led . 

incites 

Mam  Kotor 

1  ha  me  ter 

44  ieet 

’  >is>  area 

lvM.5  ft* 

\um be i  ot  blades 

2 

blade  Uvist 

4)  s  S(>  des.  rees 

Airfoil 

See  paragraph  3 

1  ail  Kotor 

Diameter 

X  feet.  0  inches 

Disc  area 

m  tr 

Soli-  hi  \ 

o  I43n 

Number  ol  hi, ides 

Blade  chord,  constant 

1  1  n.che* 

[Made  t  ‘.s’ is t 

D.n  deer  :es 

\irfoil 

NACA  0018  the  M. 

fuselage 

length 

root  changing  lineark 
a  special  cambered  s; 
at  S.27  percent  ot  the 

44  feet .  "  un  Iivn 

l  {eight  * 

I  o  rip  of  tail  fin 

10  feet.  8  inches 

O round  to  top  of  mast 

1  2  feet.  3  incites 

( i round  to  top  of 
transmission  fairing 

10  feet,  2  inches 

Width 

1  use  latte  onlv 

3  ft 

Wing  span 

1  0  feet,  4  inches 

Skit]  goat  tread 

"  It 

1  levator 

Span 

0  feet,  1  i  inches 

\| I  toil 

Inverted  Murk  'S' 

IS 


Vertical  E:in: 


Area 

Airfoil 

Height 


18.5  ft2 

Special  cambered 
5  feet,  6  inches 


Wing: 

Span 

Incidence 
Airfoil  (root) 
Airfoil  (tip) 


10  feet,  9  inches 
1  7  degrees 
NACA  0030 
NACA  0024 


Weight  and  Balance 

7.  The  aircraft  weight,  longitudinal  CG  location  and  lateral  CG  location  were 
determined  prior  to  testing.  A  fuel  cell  calibration  was  also  performed  prior  to 
testing.  All  weighings  were  accomplished  with  instrumentation  installed  without 
external  stores  or  chin  turret  weapons  installed. 


APPENDIX  C.  INSTRUMENTATION 


I  fn  addition  to  tire  standard  aircraft  instruments.  calibrated  instruments  wen 
displac'd  at  the  pilot  ami  minner  cockpit  panels  l)ata  were  obtained  liom  cockpit 
instillments  ami  from  the  test  instrumentation  s\slem  I  he  lest  instrumentation 
‘.\stem  was  installed.  calibrated,  ami  maintained  b\  t'SAAl  I  \  peisonne  I  Ml  l*.  si 
iiist (ttui  dilation  parameters  are  encoded  pulse  code  modulation  ( P<  M)  and  tevoided 
on  magnetic  tape  aboard  the  test  aircraft.  Suledip  vane,  anple -ol-allat  k  vane,  lota! 
feu: [  vtakire  sensor.  and  pivotinp,  pilot-static  head  are  located  on  a  lest  bonin 
i"i miii let!  mi  the  nose  ol  the  aircraft. 

I  iu‘  j  aramek  is  ret  oided  on  magnetic  tape  are 

P(  M  Pai.tmete!_s 

I  nne  t.  tnle 

burnt 

I  hiilrt  number 
Run  number 
Mam  rotor  speed 
1  ael  k  mperatuie 
I  Ucl  Used 

!  n^ine  fuel  flow  rate 
I  inline  eas  protiucer  speed 
I  iiidne  power  turbine  speed 
Airspeed  (  boom  sy  stem  I 
Airspeed  ( s|,  ip's  system  * 

Altitude  (  boom  s\  stem ) 

Nit  t tilde  ( ship  s  s\  stem  ) 

I  ' '  I  a  I  an  lempetatuie 
Nuole  •  il  at  lav  k 
\  1 1  »•  1 1  t  >  I  sided  ip 
!  iii'ine  torque 

i  neine  exhaust  uas  temperature 
*  ontml  positions 
Longitudinal 
I  a total 
I  )r  root  tonal 
(  ollective 
Aircraft  altitudes 
Pilch 
Roll 

\iiv  r a  IT  annular  rates 
Pitch 
Roll 
Yaw 

Main  rotor  slut t  torque 
Mam  H'fnr  Made  ancle 

i  lie  parameters  displayed  m  the  cockpit  are 

Pilot  Panel 

Pressure  altitude  (boom  svstem) 

Plessiire  altitude  (ship’s  system  I 


I 


Airspeed  (hoom  system) 
Airspeed  (ship’s  system) 

Main  rotor  speed 
I- ngine  torque 

f  {ngine  turbine  gas  temperature 
Engine  gas  producer  speed 
Angle  of  sideslip 


('opilot  Panel 


Pressure  altitude  (boom  system) 
Airspeed  (boom  system) 

Main  rotor  speed 

I  ngine  torque 

I  ngine  gas  producer  speed 

Total  air  temperature 

Fuel  used 

Time  code  display 

Data  system  control 


4.  The  calibrated  instrumentation  displayed  at  the  pilot  s  station  was  used 
throughout  the  handling  qualities  phase  of  the  test.  The  pilot’s  instrument  panel 
was  returned  to  the  standard  Cobra  configuration  (Ref  5,  App  A)  for  the  test  tlights 
involving  INK'  maneuvers  and  evaluation. 


APPENDIX  D.  TEST  TECHNIQUES 
AND  DATA  ANALYSIS  METHODS 
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control  deflection  was  readied,  whichever  occurred  first.  C  ollective  contiol  position 
was  fixed  at  the  trim  value  and  altitude  was  allowed  to  vary'.  The  trim  airspeed  and 
desired  heading  were  maintained.  All  pertinent  parameters  were  recorded  on 
magnetic  tape.  The  static  directional  stability,  dihedral  effect,  ami  side-force 
characteristics  of  the  aircraft  were  evaluated  by  plotting  the  variation  of  control 
position  and  aircraft  attitude  as  a  function  of  sideslip  angle. 

Dynamic  Stability 

7.  Dynamic  stability  tests  were  conducted  to  evaluate  the  short  and  long-period 
response  characteristics  of  the  aircraft.  Short-period  characteristics  were  evaluated  to 
determine  aircraft  response  to  sudden  wind  gusts  and  were  simulated  by  rapidly 
displacing  the  cyclic  control  approximately  one  inch,  holding  the  input  for 
0.5  second,  then  rapidly  returning  the  control  to  the  trim  position  while  recording 
the  resulting  aircraft  responses  on  magnetic  tape.  Lateral-directional  short-term 
response  w'as  further  evaluated  by  directional  control  doublets. 

8.  Longitudinal  long-period  characteristics  were  evaluated  to  determine  the 
aircraft's  tendency  to  return  to  a  trim  condition  after  being  disturbed.  The 
long-period  response  was  excited  by  stabilizing  the  aircraft  on  a  trim  condition  with 
force  trim  ON  and  then  displacing  the  longitudinal  control  forward  or  aft  to  effect 
an  airspeed  change  of  approximately  10  knots.  The  control  was  then  returned  to 
trim,  and  the  resulting  aircraft  response  was  recorded  on  magnetic  tape.  During  the 
response,  controls  were  held  fixed,  but  slight  pressures  directionally  and  laterally 
were  used  to  maintain  a  constant  heading  and  laterally  level  attitude.  The 
long-period  response  was  evaluated  at  three  trim  airspeeds,  and  a  positive  and 
negative  airspeed  change  was  tested  for  each  point. 


SIMULATED  1MC  FLIGHT 

i).  Simulated  IMC  flight  was  conducted  to  qualitatively  evaluate  pilot  workload. 
Workload  in  the  IMC  environment  was  determined  by  selecting  a  task  and 
performance  standard,  (Ref  8,  App  A)  and  then  assigning  a  HQRS  number 
(Figure  1)  based  on  the  amount  of  pilot  compensation  necessary  to  achieve  the 
standard.  The  performance  standards  used  were  ±100  feet  altitude.  ±  10  K1AS,  and 
±10°  heading.  All  tasks  were  performed  from  the  pilot  cockpit  with  all  external 
outside  reference  eliminated,  and  no  assistance  from  the  gunner. 
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FIGURE  1 

LONGITUDINAL  CONTROL  SYSTEM  CHARACTERISTICS 
AH-TS  USA  $/N  76-22573 

NOTES:  1.  ROTOR  STATIC 

2.  HYDRAULIC  AND  ELECTRICAL  POWER 
PROVIDED  BY  GROUW)  UNITS. 

3.  LATERAL  CONTROL  POSITION 
CENTERED  DURING  TEST. 

4.  CONTROL  K5RCES  MEASURED  AT 
CENTER  Of  GRIP. 

5.  FORCE  TRIM  ON 

6.  TOTAL  LONGITUDINAL  CONTROL 
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FIGURE  2 

LATERAL  CONTROL  SYSTEM  CHARACTERISTICS 
AI4-LS  05A  5/N  76-22573 

NOTES:  1.  ROTOR  STATIC 

2.  HYWAULIC  AND  ELECTRICAL  POWER  PROVIDED 
BY  GROUND  UNITS 

3.  LONSTTUDINAt  CONTROL  POSITION  CENTERED 
DURING  TEST 

4.  CONTROL  FORCES  MEASURED  AT  CENTER  OF  GRIP 

5.  FORCE  TRIM  ON 

6.  TOTAL  LATERAL  CONTROL  TRAVEL  *8.5  INCHES 
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FIGURE  q 

STATIC  LATERAL -DIRECTIONAL  SIABiiin 
AH- IS  USA  S/N  76-22S73 
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FIGURE  7 

STATIC  LATERAL -DIRECTIONAL  STABILITY 
AM- IS  USA  S/N  76-22573 
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TOTAL  LONGITUDINAL  CONTROL  TRAVEL  *=  10.1  INCHES 


TOTAL  LATERAL  CONTROL  TRAVEL  -  8.S  INCHES 
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